Alcohol-induced osteonecrosis of the femoral head (ONFH) is caused by the interaction of genetic and environmental factors. Genetic variations of matrix metalloproteinase (MMP) system are associated with ONFH development and progression. In this study, we aimed to evaluate the relationships between MMP20 gene polymorphisms and the risk of alcohol-induced ONFH in Chinese Han males.
Background
Alcohol-induced osteonecrosis of the femoral head (alcoholinduced ONFH) caused by excessive and chronic alcohol consumption is an intractable orthopedic disease that is characterized by the progressive collapse of the femur head and loss of hip joint function. Although there are a variety of clinical treatments, the prevalence of alcohol-induced ONFH and resulting disability in the Chinese population continues to increase, particularly among young men. Data demonstrate that 30.7% of ONFH cases in China are alcohol induced [1] . For these reasons, identifying risk factors and taking primary prevention measures are necessary to prevent alcohol-induced ONFH.
Recent research into the molecular biology and genetic underpinnings of alcohol-induced ONFH has provided new information about gene polymorphisms, which has opened up novel avenues of research to uncover the risk factors of this condition [2] . In the past few years, genome-wide association studies (GWAS) have identified several susceptibility genes such as APOA1, PAI-1, SREBF1, VEGF MTHFR, and TFPI that are associated with ONFH [3] [4] [5] [6] [7] [8] . Chondrocytes from a femoral head with osteonecrosis lose their phenotype during ONFH, revealed by reducing of extracellular matrix production in glycosaminoglycan (GAG) and type 2 collagen excretion [9] . In addition, our previous studies demonstrated that NOS3, ABCB, IL23R, APOA1, APOB, TIMP2, MMP2, MMP3, and MMP8 single-nucleotide polymorphisms were related to the risk of alcohol-induced ONFH and clinical outcomes or other clinical characteristics in the Chinese population [10] [11] [12] [13] . Although multiple gene variants have been proposed as risk factors for alcoholinduced ONFH, the molecular etiology and pathogenesis have remained indistinct.
The matrix metalloproteinase-20 (MMP20) gene is located in an MMP cluster with 7 other MMPs at chromosomal location 11q22.3. MMP20, which has been well established as an essential participant in amelogenesis, is expressed in ameloblasts and odontoblasts during dental enamel development and is responsible for cleaving and removing most of the protein components of the extracellular enamel matrix such as amelogenin (the most abundant extracellular matrix (ECM) protein in developing enamel) thus facilitating enamel mineralization [14, 15] . MMP20 is a relatively newly identified member of the MMP family and was also named "human enamelysin" because it was originally thought that MMP20 expression was restricted to enamel. In recent years, the expression of MMP20 has also been reported in other tissues. A study in 2015 confirmed the expression of MMP20 in the retina and RPE/choroid [16] . Kraus et al. [17] investigated the expression of MMP20 in 3 major human tumor entities: colon, breast, and lung tumors. They found that MMP20 was identified at both the mRNA and the protein level in breast MCF-7, colon HT-29, and lung A549 cell lines. Thus, they concluded that MMP20 was a potential new candidate for tumor diagnosis or therapy.
In this case-control study, 14 SNPs on the MMP20 gene were selected to shed light on possible correlations with the occurrence of alcohol-induced ONFH and the clinical phenotypes in a Chinese male population.
Material and Methods

Study participants
There were 496 males (299 patients with alcohol-induced ONFH and 197 healthy males) among Han Chinese, sequentially enrolled in this study. All of the patients were selected randomly from the Zhengzhou Traditional Chinese Medicine Traumatology Hospital without restriction of disease severity. The patients were diagnosed with ONFH after using plain radiographs in stage II, III, and IV of the Ficat Classification system. Patients with traumatic osteonecrosis and other hip diseases were excluded. Alcohol-induced osteonecrosis was defined by a history of consumption of more than 400 mL of alcohol per week [18] . As well, enrolled patients had not received systemic treatment before the blood samples used for the study were collected. Control study participants were genetically irrelevant healthy males who were enrolled from Zhengzhou Medical Center and lived in or near Zhengzhou without hip pain, without lesions found on hip joint plain radiographs, and without relationship to the enrolled patients. Those who had a chronic metabolic disorder or who needed steroid treatment were also excluded from this study.
A normative questionnaire was used to collect personal information. Our research was approved by the ethics committee of Zhengzhou Traditional Chinese Medicine Traumatology Hospital and The Second Affiliated Hospital of Inner Mongolia Medical University (No. YKD2016138). Signed informed consent documents were obtained from all candidates.
SNP selection and genotyping
A total of 14 SNPs were selected from the NCBI dbSNP (http:// www.ncbi.nlm.nih.gov/snp) and the 1000 Genomes Project databases (http://www.internationalgenome.org/) with minor allele frequencies (MAFs) >5% in the 1000 Genomes Chinese Han Beijing population. Genomic DNA was extracted from the peripheral blood of the participants using the GoldMag whole blood genomic DNA purification kit (GoldMag Co. Ltd., Xi'an, China). DNA concentration was determined using a NanoDrop 2000C spectrophotometer (Thermo Scientific, Waltham, MA, USA). Primers for amplification process and single base extension reactions were designed using the Assay Design Suite V2.0 (https://agenacx.com/online-tools/). SNP genotyping was performed by Agena MassARRAY iPLEX (Agena Bioscience, San Diego, CA, USA). Genotyping results were output by Agena Bioscience TYPER version 4.0 software.
Statistical analysis
SPSS 19.0 (version 19.0, Chicago, IL, USA) was used to do the statistical analysis. All the P-values were 2-sided, and P<0.05 was considered to be statistically significant. The t-test were used to compare the age difference of cases and controls. An exact test was used to assess the variation in each SNP genotype frequency from the Hardy-Weinberg equilibrium (HWE) in the control participants before analysis. Differences in SNP genotype and allele distribution between cases and controls were compared by the c 2 test/Wald test. Four models including the codominant, dominant, recessive, and log-additive model were used to assess the association between each genotype and the risk of alcohol-induced ONFH. Finally, both the SHEsis software platform (http://analysis.bio-x.cn/myAnalysis.php) and the Haploview software (version 4.2) were used to estimate the linkage disequilibrium (LD) patterns and construct haplotypes. The risk associated with individual genotypes and allele was calculated as the odds ratio (OR) with their 95% confidence interval (95% CI) based on logistic regression model analysis with an adjustment for age.
Results
Altogether, 299 eligible cases with alcohol-induced ONFH (mean age ±SD: 43.24±13.07) and 197 controls (mean age ±SD: 49.71±8.85) were recruited for our study. All of the individuals were males. The results of t-tests showed that the cases and controls were not matched for age (P<0.05), so we adjusted the age factor in the subsequent analysis ( and log-additive. Rs3781788 also revealed an increased risk under both the dominant and the additive model. Meanwhile, both rs7126560 and rs2292730 revealed an increased risk under the log-additive model, rs1573954 exhibited an increased risk under 2 models (recessive and log-additive), and rs1711399 revealed an increased risk under the recessive model. In addition, rs1711423 showed a negative effect under the recessive and log-additive models, and rs1784418 also showed a decreased risk under both the dominant model and the log-additive model.
Next, we completed the correlation analysis of alleles and genotypes of SNPs with the clinical phenotypes (unilateral or bilateral hip lesions, >12 months or £12 months course, and clinical stages of alcohol-induced ONFH), respectively (Table 4) . Regarding rs10895322, some significant association was found between the G allele and the patients with different clinical phenotypes. In patients who had bilateral hip lesions, >12 months course, and/or stage II/III alcohol-induced ONFH, the G allele was a risk factor. Likewise, the rs3781788 T allele showed the same results. Among patients who had bilateral hip lesions, >12 months course, and/or stage III alcohol-induced ONFH, the G allele of rs1784424 showed significantly increased risk, and the G allele of rs1711423 showed significantly decreased risk, relative to controls. In addition, the allele distribution showed a higher frequency of the rs1573954 C allele in the patients with unilateral hip lesions, £12 months course, and/or stage II alcohol-induced ONFH. Rs1784418 showed a decreased risk in patients with >12 months course or/and stage III of alcohol-induced ONFH. Regarding rs7126560 and rs2292730, these 2 SNPs only revealed the increased risk for >12 months course and stage IV alcohol-induced ONFH, respectively.
Finally, using parameter D', we detected the extent of linkage disequilibrium between SNPs, and then determined the haplotype LD block according to the control group data. We observed that 2 blocks existed strong linkage disequilibria in MMP20 ( Figure 1 ). Block 1 included 8 SNPs: rs1711437, rs10895322, rs1784424, rs3781788, rs1711423, rs17174327, rs1784418, and rs7126560; block 2 includes 2 SNPs: rs1784410 and rs11711399. In block 1, compared with the "TATCGCTG" wild-type, the "CGGTTCCA" haplotype was found to be associated with an increased alcohol-induced ONFH risk after adjustment for age (OR=1.63, 95% CI=1.15-2.30, P=0.0058) ( Table 5 ). However, we did not find any association between alcohol-induced ONFH and the haplotype of block 2.
Discussion
In this study, we have attempted to show the correlation between MMP20 polymorphisms and alcohol-induced ONFH and the different clinical phenotypes in Chinese Han males. Nine susceptibility SNPs in the MMP20 gene revealed a statistically significant association with the alcohol-induced ONFH occurrence: 2 protective SNPs (rs1711423 and rs1784418) and 7 high-risk SNPs (rs10895322, rs1784424, rs3781788, rs7126560, rs1573954, rs1711399, and rs2292730). Among these SNPs, 8 SNPs showed a statistically significant association with different clinical phenotypes. In particular, the haplotype "CGGTTCCA" in MMP20 was also founded to be correlated with a 1.63-fold increased risk of alcohol-induced ONFH. As far as we know, this is the first report to reveal the correlation between these loci and ONFH susceptibility.
MMPs devastate the cartilaginous extracellular matrix (ECM) production during chondrogenesis [19, 20] and ONFH [9] . And ECM, including GAG and collagen type 2, are commodities not only in normal chondrocytes but also in chondrocytic differentiation [21] . MMP20 may inhibit the synthesis of ECM of chodrocytes in the femoral heads under osteonecrosis. But studies on these risk loci are relatively rare. A recent GWAS reported a susceptibility locus (rs10895322) for 11q-deletion neuroblastoma, and 11q deletion is an inversely correlated prognostic factor in neuroblastoma [22] . In 2015, another GWAS identified association between rs10895322 and neovascular lesion size in age-related macular degeneration (AMD), which suggests the possibility of using MMP20 as a novel target to control the growth of choroidal neovascularization (CNV) after the onset of AMD [16] . Similarly, in this study, we found that rs10895322 may be a high-risk factor of alcohol-induced ONFH, implying that the risk attributed to rs10895322 in ONFH and neuroblastoma may be mediated through a comparable angiogenesis process that is regulated by MMP20.
In a family-based association study, Jeremias et al. [23] concluded that rs1711399 and rs1711423 were associated with the susceptibility to molar-incisor hypomineralization (MIH). Our study showed that rs1711399 played a risk-heightening role in the occurrence of alcohol-induced ONFH, while rs1711423 may be a protective SNP. We hold the opinion that there are genetic differences between the 2 diseases. In our study, rs1784418 was also a protective SNP concerning the occurrence of alcohol-induced ONFH in both dominant and log-additive genetic models. In 2012, Tannure et al. [24] speculated that rs1784418 C>T may be involved with caries susceptibility in primarily Caucasian patients with poor oral health habits. A similar study by Filho et al. in 2016 explored the association of rs1784418 C>T and dental caries experience. Their conclusion is that the rs1784418 T allele can potentially be used as a marker for lower caries risk in certain populations [25] . The latest report from Brazil by Antunes et al. [26] suggested that MMP20 rs1784418 C>T may contribute to the occurrence of white spot lesions in the primary dentition. The aforementioned conclusions are consistent with our results; though the function of rs1784418 is unknown, there is a possibility that the variant affects the transcription of MMP20. In the study by Han et al. [27] , they analyzed the correlations between polymorphisms of rs1711437 (G>A) and kidney transplantation outcomes in 235 transplant recipients. The conclusions suggest that MMP20 polymorphisms may influence the long-term outcome of kidney allografts. Beyond that, the MMP20 gene also has been shown to be related to kidney aging by Wheeler et al. [28] . They showed that the A allele at rs1711437 was associated with high glomerular filtration rate (GFR). However, our study found no relationship between this locus and alcohol-induced ONFH. The study by Wang et al. [29] in 2015 suggested that MMP20 rs2292730, rs12278250, and rs9787933 might be associated with ovarian cancer risk in a group of 417 ovarian cancer cases and 417 controls. In contrast to this conclusion, a comprehensive meta-analysis by Zhu and Sun [30] in 2017 found that these 3 loci might not be associated with ovarian cancer risk. Our present study only indicated that rs2292730 is a risk SNP of alcohol-induced ONFH among these 3 SNPs. In the study by Kanna et al. [31] , genetic polymorphisms of MMP20 (rs17099008) were significantly associated with Modic changes, which are vertebral endplate signal changes predominantly observed in the lumbar spine. Our study did not include this site. It is necessary to conduct larger-scale, multicenter, and high-quality studies in the future.
Up to now, the other 4 high-risk sites (rs1784424, rs3781788, rs7126560, and rs1573954) have not been described in other diseases. Collectively, our study provides insight into the pathogenesis of alcohol-induced ONFH. Although this study had an adequately sufficient statistical power, some intrinsic limitations may still exist. First, our study did not perform a functional study of these SNPs. To clarify the function of MMP20 in alcohol-induced ONFH, SNPs functional study is essential. Second, the sample capacity was relatively small; a larger sample capacity will be more persuasive. Finally, participants' ethnicity was limited to the Han Chinese population. Hence, the associations identified in this study should be confirmed in further studies with other ethnic groups.
Conclusions
We demonstrated in this study that MMP20 polymorphisms can play both risk-heightening and risk-mitigating roles and that MMP20 may serve as a marker to predict the occurrence of alcohol-induced ONFH. These findings were in agreement with the multifactorial etiology of alcohol-induced ONFH. However, because of the lack of functional studies and the fact that most intronic SNPs are nonfunctional, these results more likely suggest that other coding SNP(s) tagged by these positive SNPs might be causal to alcohol-induced ONFH.
